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This invention relates to an electric furnace
particularly adapted to the melting and refining
of glass forming materials but equally applicable
tc many other uses.

The principal object of the invention is gen-
erally to improve upon the construction and
operation of electric furnaces used in glass manu-
facture and to this end the invention resides in
the various features hereinafter pointed out in

10 more detalil,

A more specific object of the invention is to
provide a furnace in which the glass materials
may be melted, refined and discharged in the
shortest possible time, thus making unnecessary

15 the Immense reservoirs of molten glass required
in other types of furnaces. In the present inven-
tion, the heat energy for melting and refining the
glass is supplied by electric currents induced in a
secondary conductor arranged to deliver heat by

20 radiation, conduction or both to the contents of
the furnace. By this means, a relatively large
amount of heat energy can be produced in a rela-
tively small space. Therefore, a relatively small
amount of glass is under heat at any one time,

2F and since it ean be put through the heat cycle
quite rapidly, a large amount of glass can be
produced daily from & small furnace.

In order to produce the desired rapidity of the
melting and refining operation, and to insure that

38 the proper heat cycle of the glass material wil
he obtained in its passage through the furnace,
it is important that the temperatures which the
glass material will encounter in its cycle be prop-
erly graded. Preferably, the greatest amount of

85 heat should be developed at the point where the
cool raw material enters the furnace. This is

" accomplished in the present invention by reduc-
ing the cross sectional ares of the secondary con-
ductor at this point, thus providing a greater

40 concentration of current and a higher tempera-
ture.

‘The preferred form of the invention comprises
an induction furnace of the iron core type oper-
ating upon commercial frequencies of the order

45 of 60 cycles per second. I _

One feature of the invention resides in the fact
that the secondary conductor used is a closed ring
of a refractory resistance material, preferably one
of the allotropic forms of carbon, immersed in

50 the molten material in the furnace, to which it
delivers its heat by conduction and radiation.
The molten material serves as'an impervious
envelope or shield protecting the conductor from
oxidation at the high temperature of operation.

55 Instead of graphite, however, there may be used

(Ci. 13—6)

In certain cases a closed ring or disc of a metal
such as molybdenum which will not melt, dissolve
or disintegrate in molten glass materials.

Another feature resides in the fact that the
seconrdary conductor is varied in cross section to 5
distribute the heat energy generated therein in
such manner as to produce zones of greater or
less temperature within the furnace. For the
more common forms of glass, the hottest zone,
and hence the smallest cross section of the con- 10
ductor, is preferably at the point of entry of the
unmelted batch material. The cross section of
the conductor is.graded from that point to g
maximum adjacent the discharge opening, at
which point it is desired that the glass have the 16
proper viscosity for working in molding machines.
With other types of glass it is necessary to pro-
vide a second zone of increased temperature ad-

. jacent the discharge opening,

Still another feature resides in the provision of 2
means for causing movement of the secondary
conductor in the molten material. This move-
ment is preferably a vertical-pulsation which aids
materially in mixing the material to produce a
homogeneous product and which also may be used 25
t0 produce the usual bulsating discharge or “gob
feed” from the discharge opening.

Another feature of the invention resides in the
provision in certain cases of an auxiliary second-
ary conductor in the form of a core of 2 second 30
conducting material within the carbon secondary
conductor. This material is pbreferably of g
higher specific conductivity than the carbon ring
and thus permits a larger current to be carried
with & ring of smaller dimensions. Molybdenum, 35
or other material which will be solid at the oper-
ating temperature, is the breferred material but
iron or lower melting materials may also be used.
This‘ core also serves to Increase the specific
gravity of the secondary conductor and thus to 40
reduce its tendency to float in the molten mate-
rial.

Other objects and features of the invention will
be understood from the accompanying drawing
and the following description and claims: 45

Fig. 1is an elevational view of a preferred form
of the furnace with the hearth shown in section.
Fig. 2 is & plan view of the same. Fig. 3 is a plan
view of the secondary conductor and Fig. 4 is a
sectional view of the same taken on the line 4—4 50
of Fig. 3.

In the drawing there is shown, by way of illus-
tration, a preferred form of the invention. The
furnace proper consists of an anntlar structure
10 of refractory material having a central open- 55
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ing il and having an annular trough 2 serving
as & hearth for retaining the molten glass forming
material 18. The furnace is provided with & re-
fractory cover {4, a discharge opening {6 at one
side and an inlet chute {8 at the opposite side for
supplylng the unmelted batch material {7 from
g sultable hopper.

A transformer core 18 of the usual closed rec-
tangular form has a vertical portion {9 extending
through the central opening it in the furnace
structure. Primary windings 20 above the hearth
and 2! below the hearth are wound about the ver-
tical portion {9 of the core. A secondary con-
ductor 2§ is provided in the form of & two-piece
ring of suitable resistance material lying within
the hearth. Since the secondary conductor also
surrounds the vertical portion {9 of the trans-
former core, it is inductively linked with the
primary windings and & relatively large current is
induced therein when the primary ‘windings are
supplied with alternating current at commercial
voltage and frequency. This induced current
heats the secondary conductor and, by conduc-
tion and radiation, heats the contents of the fur-
‘nace.

The secondary conductor 28 herein illustrated
comprises a lower section 24 and an upper section
25 secured thereto by dowel pins or sCrews 26 of
the same material. In the lower section there is
formed a channel containing an annular metallic
core 21. The sections 24 and 25 and the dowels
26 are preferably \formed of graphite but the
amorphous form of carbon used for carbon elec-

- trodes and motor brushes may also be used.

The core 21 is preferably of molybdenum or
other metal or alloy having e high melting point
but may be of iron which has approximately the
desired resistance characteristics and specific

gravity. The iron in most cases {s in the molten

state at the usual operating temperature of the
furnace. Since it carries & considerable electric
current, it has the tendency to rupture, known
as the “pinch effect”, which is common to all
elongated molten conductors. However, the
pinch effect is overcome by proportioning the

- channel and the iron so that the ironin its molten
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state substantially fills the channel. Since a
pinch or rupture at one point must be accom-
panied by an expansion at another point, a pinch
becomes -impossible when there is no room for
expansion within the channel. .

The use of the central core makes it possible
to proportion the resistance, volume and specific
gravity of the secondary conductor to the require-
ments of a particular installation. The graphite
is lighter than molten glass and, therefore, tends

to float therein, and the addition of the metallic.

core reduces this tendency. It is not desi;able
in most cases however to entirely overcome the
buoyancy of the conductor. In many cases, par-
ticularly in small furnaces, the metallic core may
be dispensed with entirely. = -

Tt will be noted that the conductor 23 has a
smaller cross section at the point adjacent the
intake chute 16 and the cross section increases
uniformly in both directions around the hearth

to ¢ maximum adjacent the discharge opening

5. The current density and, therefore, the tem-
perature is greatest at the point of least cross
section of the conductor. There is thus provided
a relatively hot melting zone adjacent the intake
‘chute, two intermediate refining zones of lgss tem-
perature and a discharge zone of least tempera-

ture adjacent the discharge opening. The glass

materials pass successively through these zones '

1
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"and reach the discharge opening at the proper
.temperature and viscosity for discharge and for

working in the usual molding machines. In
practice, satisfactory results may be obtained with
the smaller cross section equal to 75% of the
larger cross section or less, depending largely
upon the characteristics of the glass under proc-
ess.
zone of increased instead of decreased tempera-
ture is required at the discharge opening. For
this purpose a second constriction in cross sec-
tion of the secondary conductor is placed adjecent
the discharge opening. '
Since the primary windings 20-and 2i and the
secondary conductor 28 have the form of sole-
noids eack having a large number of ampere-
turns, they exert upon each other relatively large
electro-magnetic forces. The current in the con-
ductor 2% being opposite to that in the primary
coils, each primary coil repels the secondary con-
ductor, the coils 20 .above the hearth tending to
drive the conductor downwardly and the coils 24
below the nhearth tending to lift the same. This
electro-magnetic action may be used to perform
several important functions by properly propor-
tioning the primary windings. By placing all or
a large part of the primary windings above the
furnace, the downward reaction may be made
sufficiently strong to overcome entirely the buoy-
ancy of the conductor and thus hold the same
securely to the bottom of the hearth. On the
other hand, the distribution of the primary am-
pere~turns may be periodically varied to cause an

~ plternate upward and downward movement of the

conductor.

In the illustrated embodiment of the invention,
the two upper primaries 20 and one of the lower
primaries 24 are connected in series and supplied
with alternatihg current from & transformer 28
connected to any suitable source of alternating

current. The number of ampere-turns in these

three primaries is proportioned to give & net
downward force sufficient to overcome the buoy-
ancy of the secondary conductor and move the
same downwardly in the molten glass. ‘The sec-
ond of the lower primaries 21 is supplied with al-
ternating current in the same phase relation from
s .transformer 28 connected to the same power
source. -~ The last mentioned primary is.so pro-
portioned that the upward electromagnetic force
exerted. thereby is sufficlent to overcome the net
downward force of the other three and, therefore,
to cause an upward movement of the secondary
conductor. The current to the last mentioned
primary is periodically interrupted by a make-

‘and-break timing apparatus shown diagrammati-

cally at 30. This appdratus may be driven by an
electric motor or any other suitable means. The

. alternate reversal of the net electromotive force

acting on the secondary conductor - ohviously
causes the same to rise and fall within the molten
bath on the hearth. ' .

The alternate rise and fall of the secondary
conductor performs the extremely useful function

* of thoroughly mixing the glass material during

the refining process, thus facilitating the escape
of seed and producing a more homogenous prod-
uet. This movement may also be used to produce
the well known gob feed by suitably placing the
discharge opening with respect to the conductor.
In the upward movement of the conductor: the
flow of the relatively viscous glass through the
discharge opening is prevented, while on the
downward movement the flow is accelerated to
produce the gob required for manufacture of a

For the more refractory types of glass, & .
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glass article. The timing of the feed with the
operation of a molding machine may obviously be
accomplished by operating the . timer 30. in con-
Junction with the timing mechanism of the mold-
ing machine.

In some cases, it is desirable to have the sec-
ondary conductor move bodily upward and down-
ward. In other cases I prefer to provide a pivotal
anchorage such as shown herein as g pin 31 of
suitable material working in a recess in the wall of
the hearth. This anchorage is placed on the op-
posite side of the furnace from the discharge
opening and serves as a pivot about which the
conductor may move in its rise and fall. This

prevents excessive agitation of the glass in the -

neighborhood of the intake chute without dimin-
ishing the movement for gob feed at the discharge
opening. .

From the foregoing description it will be obvi-
ous that the invention has numerous advantages
over other forms of electric melting, particularly
over the type of furnace in which the molten
glass itself acts as the resistor. The present in-
vention provides an apparatus which is self start-
ing from a cold condition. The purely resistance
furnace must be started with a charge of molten
glass or other conducting material since solid
glass is not a sufficiently good conductor for start-
ing. There being no electrodes in- the glass,
thermal loss is less. Transformer losses are also
reduced since commercial voltage may be applied

directly to the primary windings. The furnace’

has a more uniform operating characteristic since
the resistance of the carbon secondary varies only
slightly with change of temperature while the
resistance of molten glass shows wide variations.

The foregoing specifications describe a pre-
ferred form of the invention, the details of which
may be varied within wide limits without depart-
ing from the scope of the invention as defined by

- the following claims.
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The invention claimed is:

1. An induction furnace including a hearth
adapted to contain a charge of material, g pri-
mary winding supplied with alternating current,
and a secondary conductor in heat exchange re-
lation with the material on the hearth and induc-
tively linked with the primary winding, said sec-
ondary conductor being in the form of a ring of
relatively refractory resistance material having
a core of less refractory conducting material of
lower specific resistance.

2. An induction furnace including a hearth
adapted to contain a charge of material, a primary
winding supplied with alternating current, and a
secondary conductor in heat exchange relation
with the material on the hearth and inductively
linked with the primary winding, said secondary
conductor being in the form of g ring of carbon
having a metallic core.

3. An induction furnace including a hearth
adapted to contain a charge of material, & primary
winding supplied with alternating current, and
a secondary conductor in heat exchange rela-
tion with the material on the hearth and induc-
tively linked with the primary winding, said sec-
ondary conductor being in the form of a ring
of non-metallic refractory conducting material
having a metallic core in a molten state at the
normal operating temperature of the furnace,

4. An induction furnace including a hearth
adapted to contain g charge of material, g pri-
mary winding supplied with alternating current,
and a secondary conductor in heat exchange re-

lation with the material on the hearth and in- '

3

ductively linked with the primary winding, said
secondary conductor being in the form of a ring
of non-metallic refractory condueting materia]
having a metallic core in a molten state at the
normal operating temperature of the furnace,
sald core being enclosed in an annular cavity
within sald ring and substantially filling said
cavity to eliminate the pinch effect.

5. An induction furnace including an annular
hearth adapted to contain a quantity of molten
material, a secondary conductor immersed in
sald material, a transformer core linked with
said secondary conductor, primary windings as-
sociated with said transformer core and arranged
to exert electromagnetic forces upon said sec-
ondary conductor, and means for varying said
forces to cause movement of the secondary con-
ductor within said material.

6. An induction furnace including a hearth
adapted to contain a charge of molten material,
a primary winding supplied with alternating
current, a secondary conductor inductively linked
with said primary winding and immersed in said
molten material, said secondary conductor being
in the form of a ring of conducting material of
lower specific gravity than the molten material,
and means for exerting on said conductor a mag-
netic force tending to prevent said conductor from
floating in said molten material.

7. An induction furnace including a hearth
adapted to contain a charge of molten material,
& primary winding supplied with alternating cur-
rent, and a secondary conductor inductively
linked with said primary winding ‘and immersed
in said molten material, said secondary conduc-
tor being in the form of a ring of conducting
material of lower specific gravity than the molten
material and having a core of heavier material
tending to reduce the tendency to float.

8. An electric furnace including a hearth adapt-
ed to contain a charge of molten material and
having a discharge opening, a refractory elec-
tric conductor immersed in said molten material,
means for passing an electric current - through
said conductor, and means for applying varying
electromagnetic forces to said conductor, where-
by the same will be moved to produce pulsating
discharge of sald molten material through said
discharge opening,

9. An electric furnace inciuding a hearth adapt-
ed to contain a charge of molten material and
having g discharge opening, an electric conductor
in the form of a closed ring of refractory mate-
rial immersed in said molten material, means for
inducing an electric current in said conductor
and for exerting an electromagnetic force there-
on, and means for varying said electromagnetic
forces to cause movement of said conductor in
said material, said movement being such as to
cause a pulsating discharge of the molten mate-
rial through said discharge opening,

10. An electric furnace including an annular
hearth adapted to contain s quantity of molten
material, a secondary conductor in the form of a
closed ring immersed in said material, a trans-
former core having a vertical portion passing
through said hearth and saig conductor, and a
primary winding about said vertical portion above
the hearth, said winding when supplied with al-
ternating current serving to induce a current in
said secondary conductor to heat the furnace and
to exert & downward electromagnetic force there-
on tending to prevent said conductor from float-
ing in the molten material,

11, An electric furnace Including an annular
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hearth adapted to. contain a quantity of molten
material, a secondary conductor in the form of
a closed ring immersed in said material, a trans-
former core having a vertical portion passing
through said hearth and said conductor, & pri-
msary winding about said vertical portion having
portions above and below the hearth, said wind-
ing serving when suppiied with alternating cur-
rent to induce currents in said secondary con-
ductor to heat the furnace, the portion thereof
above the hearth exerting a downward electro-
motive force on said secondary conductor and the
portion below the hearth exerting an upward
electromotive force thereon, and means for vary-
ing the force exerted by one of said portions to
cause movement of the secondary conductor
within the molten material.

12, In an electric furnace, the combination
of a hearth adapted to contain a quantity of
molten material and having a discharge open-

_ing, an electrical conductor jmmersed in said
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material, said conductor being pivotaily an-
chored at a point relatively remote from sald
discharge opening, means for passing an electric
current through said conductor, and means for
exerting a varying magnetic force thereon caus-
ing movement of the conductor about its piv-
otal anchorage, said movement being such as
to produce a pulsating discharge of the material
through said discharge opening.

13. In an electric furnace, the combination of
a hearth adapted to contain a quantity of mol-
ten material and having a discharge opening, an

.electrical conductor immersed in said material,

said conductor being in the form of a closed
ring having a portion adjacent said discharge
opening and having a pivotal anchorage at a
point relatively remote from said discharge open-
ing, and means for inducing an electric current
in said ring to heat the furnace and for caus-
ing alternate upward and downward movements

3,101,676

thereof about its pivotal anchorage fo produce
a pulsating discharge of the molten material
through the discharge opening.

14. ITn an electric furnace, the combination
of 2 hearth adapted to. contain a quantity of
molten material and having a discharge open-
ing, an electrical conductor immersed in said
material, sald conductor being in the form of a
closed ring having a portion adjacent, said dis-
charge opening, and means for inducing. an elec-
tric current in said ring to heat the furnace and
for causing alternate upward and downward
movements thereof to produce a pulsating dis-
charge of the molten material through the dis-
charge opening. ’

15. In en electric furnace, the combination
of & hearth adapted to contain a quantity of
molten material and having a discharge.open-
ing, an electrical conductor immersed in sald
material, seid conductor being in the form of a
closed ring having & portion adjacent said dis-
charge opening, and having a pivotal anchorage
at a point relatively remote from said discharge
opening, and primary windings inductively linked
with seid ring and serving when supplied with
alternating current to induce a current therein
for heating the furnace and to exert upward and
downward magnetic forces thereon for moving
the same about its pivotal anchorage to. pro-
duce = pulsating discharge from said discharge
opening. .

16. An induction furnace including a hearth
adapted to contain a charge of material, & pri-
mary winding supplied with alternsting cur-
rent, and a secondary conductor in heat ex-
change Telation with the material on the hearth
and inductively linked with the primary wind-
ing, said secondary conductor being in the form
of & ring of non-metallic material having & me-
tallic core.
’ JOHN FERGUSON.

10

15

20

40



